The folate receptor mediates the uptake of 5-methyltetrahydrofolate in certain cultured cells by a process called potocytosis. When these cells are grown in physiological concentrations of folate, the receptor ineases the icy of vitamin uptake by 30-fold. We now show that PAM 212 cells, a mouse keratinocyte cell line, are unable to grow in 1 nM 5-methyltetrahydrofolate unless they express a functional folate receptor. These results suggest that under certain conditions, tissue cells in the body may depend on the folate receptor to obtain enough 5-methyltetrahydrofolate for growth.
Potocytosis is a high-affinity uptake process that cells use to obtain essential, low molecular weight molecules (1) from their environment. Membrane-bound proteins at the cell surface concentrate the molecules within closed caveolae. Once the molecules are released into the caveolar space, they diffuse into the cytoplasm through carrier proteins in the membrane.
Caveolae are the membrane-bound transport vehicles for potocytosis (1) . This membrane specialization is present on the surface of a wide variety of cells (2, 3) but has been studied most thoroughly in endothelial cells (4) (5) (6) . In these cells, caveolae form vesicles or open channels that appear to transport molecules from the blood to the tissue spaces. The invaginated morphology of caveolae makes them easy to recognize in thin-section electron micrographs (7) . Rapidfreeze, deep-etch images have shown that the cytoplasmic surface of invaginated and flat caveolae membranes is decorated with a characteristic striated coat. This coat is resistant to removal with high salt (7) . A protein component ofthe coat has recently been identified and named caveolin (7) . The membrane coat may play a role in controlling the closing or pinching off of caveolae to form the transport compartment for potocytosis.
Potocytosis was discovered by studying the receptormediated uptake of 5-methyltetrahydrofolate in folatedepleted MA104 cells (8) (9) (10) (11) (12) . The folate receptor is a glycosyl-phosphatidylinositol-anchored membrane protein that cycles in and out of the cell by caveolae. Each cycle delivers a quantity of the vitamin to the interior of closed caveolae, where it dissociates from the receptor and diffuses through anion carriers in the membrane into the cytoplasm. When cells are grown in physiological concentrations of 5-methyltetrahydrofolate, the receptor increases the efficiency of vitamin uptake by 30-fold (9). It is not known whether this increased efficiency confers any survival advantage on cells growing under physiological conditions. If it does, then cells cultured in the presence of 1-10 nM 5-methyltetrahydrofolate should grow more rapidly if they express the folate receptor. The availability ofthe cDNA for the folate receptor (13) (Fig. 2) , IgG binding sites were seen to be organized into discrete clusters that had an appearance identical to that of native receptor clusters present on the surface of MA104 cells (8) . Vector-PAM 212 cells did not stain with anti-folate receptor IgG (Fig.  1D ) and neither set of cells stained with an irrelevant monoclonal antibody ( Fig. 1 A and C) . (Fig. 3A, day 5) . By contrast, only the cells that expressed the folate receptor (FR-PAM 212) were able to grow when the cells were precultured in low-folate medium (Fig. 3B, day 5 (Fig. 4 , maintenance culture) until the beginning of the experiment. One set of cells was plated and cultured for 7 days in high-folate medium (Fig. 4A, preculture) , and the other set was cultured for the same period in low folate medium (Fig.  4B , preculture). On day 8, both sets of cells were transferred to medium containing 1 nM 5-methyltetrahydrofolate and cultured for 5 days. This made the total time the cells were in low-folate medium either 5 days (Fig. 4A ) or 12 days (Fig. 4B ).
[3H]Thymidine incorporation was measured on each day ofthe last 5 days in culture. (8) and an ability to internalize and recycle folic acid (11) .
Probably each cell type has a different folate requirement for growth. Based on this demand, some cells may be able to grow in physiological 5-methyltetrahydrofolate without a receptor but others are strictly dependent. Also, certain cells may be able to get by with barely detectable levels of the receptor yet, with no receptor, have impaired growth. Further experiments using the transfection assay system will be needed to determine the minimum number of receptors that a particular cell needs to grow.
Exactly explain why several tumor cell lines express high concentrations ofthe folate receptor (18) . The influence of this receptor on the growth potential of diseased cells is an important area for future investigation. The folate receptor must have other functions besides providing for optimal growth conditions in select cells. The tissues with the highest concentrations of the receptor are kidney and choroid plexus (19) . These two organs are involved in retrieving and moving substances from one tissue space to another. Presumably the folate receptor provides a high-affinity mechanism that increases the efficiency of vectorial folate transport in these tissues. Molecular techniques make it possible to design experiments that will elucidate the function of the folate receptor in different tissue settings.
